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In the previous study [1993, J. Biochem. (Tokyo) 113, 132-1351 we identified PC6, a member of the Kex2 family of processing endoproteases. In 
this study, we identified another cDNA encoding an tsoform of PC6, and designated it as PC6B and redesignated the originally identified PC6 
as PC6A. PC6B had a very large Cys-rich region consisting of 22-times repeats of a Cys-rich motif, and a putattve transmembrane domain which 
is not present in PC6A. A PC6B transcript was found mamly m the Intestine. whtle PC6A transcripts uere m various tissues These results suggest 
distinct roles of PC6A and PC6B m endoproteolyttc processmg of precursor protems. 
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1. INTRODUCTION 
Production of a variety of eukaryotic regulatory pep- 
tides and proteins often involves endoproteolytic proc- 
essing of larger, biologically inactive precursor proteins 
[l]. Research on processing endoproteases have ad- 
vanced with investigation of the Kex2 protease of the 
yeast Succharomyces cerevisiae. It is a Ca”-dependent 
serine protease with a bacterial subtilisin-like catalytic 
domain, and is responsible for the processing of pro-a- 
factor and pro-killer toxin at pairs of basic amino acids 
[2]. Recently, a number of Kex2 homologues in higher 
eukaryotes have been identified by cDNA cloning (for 
review, see [3,4]): in mammals, furin, PC2, PC1/3, PC4, 
PACE4, and PC6 [5-151; and in Drosophila, Dfurinl 
and dKLIP- 1, which appear to be generated via alterna- 
tive splicing of the same primary transcript, and Dfu- 
rin2 [16-181. Northern blot and in situ hybridization 
analyses have revealed that the expression of PC2 and 
PC1/3 is restricted to neuroendocrine tissues and cell 
lines [8-121, and that of PC4 is restricted to spermato- 
genie cells [13,19]. By contrast, the transcripts of furin, 
PACE4, and PC6 have been detected in a variety of 
tissues and cell lines [7,14,15,20]. 
similarity to other Kex2-like members in its NH,-termi- 
nal half, which is thought to be essential for its endopro- 
teolytic activity. On the other hand, the COOH-terminal 
half contains a relatively long Cys-rich region which is 
highly homologous only to that of PACE4 and Dfurin2. 
In the previous study [15], we have isolated 7 (named 
B-l to B-7) and 6 (named I-l to I-6) cDNA clones of 
PC6 from mouse brain and intestine libraries, respec- 
tively, and determined the sequence of the B-l cDNA. 
However, during the cloning process of the cDNAs 
from the mouse intestine cDNA library. we noticed that 
the inserts of two (1-5 and I-6) of the six PC6 cDNA 
clones showed restriction patterns which are similar but 
not identical to those of the rest of the intestine clones 
and of the 7 brain clones. In this study, we characterized 
the newly identified PC6 isoform. We tentatively named 
the new PC6 isoform as PC6B, and renamed the previ- 
ously identified one as PC6A. 
2. MATERIALS AND METHODS 
2.1. cDNA cloning und sequencing of PC6B 
PC6 is the mammalian Kex2 homologue which we 
have most recently identified by cDNA cloning [15]. 
Although it is expressed ubiquitously, the level of its 
expression is highest in gastrointestinal tissues. The PC6 
protein deduced from the cDNA sequence shows a high 
Procedures for clonmg of PC6 cDNAs from the mouse intestme 
cDNA library were described previously [15]. Both strands of the 
msert of one (I-6) of the 6 clones, which showed restriction patterns 
somewhat different from those of the rest (Fig. 1), were sequenced 
using a Sequenase kit (US Biochemical Corp.). 
2.2. Northern blot analysis 
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Five pg of poly(A)’ RNAs from mouse intestine and brain were 
electrophoresed on an agarose gel and blotted onto a GeneScreenPlus 
membrane (Du Pont-New England Nuclear) as described previously 
[ 151. The blot was hybridized with a “P-labeled cDNA probe specific 
for PC6A (the FoliI fragment covering nucleotide residues 271 lL2820 
of the B-l cDNA) or PC6B (the BgfI fragment covering residues 
4.2894.554 of the I-6 cDNA). or a 5’ probe (the NotILBamHI frag- 
ment covering residues l-380 of the B-l cDNA) (see Fig. l), and 
washed as described previously [15]. 
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3. RESULTS AND DISCUSSION 
In the previous study [15], we have isolated 7 (B-l to 
B-7) and 6 (I-l to I-6) cDNA clones of PC6 from mouse 
brain and intestine libraries, respectively. Since the in- 
serts of all the cDNA clones showed essentially the same 
restriction patterns, although their lengths were differ- 
ent from each other, we have determined the sequence 
of the B-l cDNA. However, further careful analysis 
revealed that the restriction patterns of the I-5 and I-6 
cDNAs. which we have neglected in the previous study 
since they do not contain the translation initiation 
codon, were somewhat different from those of the rest. 
Therefore, we determined the entire sequence of the I-6 
cDNA, which was longer than the I-5 cDNA. 
Fig. 2 shows the 5,208-nucleotide sequence of the I-6 
cDNA and the deduced amino acid sequence. The 5’- 
terminus of the l-6 cDNA corresponded to the nucleo- 
tide residue 1,057 of the B- 1 cDNA. The sequence from 
the 5’-terminus to the residue 1,645 of the I-6 cDNA was 
the same as the corresponding sequence of the B-l 
cDNA. We believe that the nucleotide sequence of the 
lacking 5’-terminal part of the I-6 cDNA is identical 
with that of the B-l cDNA based on the Northern blot 
data (see below). However, the I-6 cDNA showed no 
significant homology with the B-l cDNA from that 
point to the 3’-terminus at the nucleotide level. We ten- 
tatively designate the protein encoded by the I-6 cDNA 
as PC6B and. in consequence, redesignated that en- 
coded by the B-l cDNA as PC6A. These data suggest 
that PC6A and PC6B mRNAs are generated via alter- 
native splicing of the same primary transcript. 
Fig. 3). The Cys-rich region consisted of a 22 times- 
repeated stretch of-50 amino acid residues with a partic- 
ular Cys motif. The consensus sequence of the Cys motif 
was CX,CX$ZX,CX,_,CX,CX,,_,,CX-, J, and the mo- 
tifs were separated from each other by a stretch of 1 O-l 6 
amino acid residues (Fig. 4: see page 17 1). In PC6A and 
PACE4, five repeats were present, and in Dfurin2, ten 
repeats are present (Fig. 4). Furin and dKLIP-1 have 
two shortened repeats. Thus. the Cys-rich region of 
PC6B is much larger than those of other Kex3 family 
members. It is likely that the multiple repeats has been 
generated by duplication of the Cys motif unit(s) in gene 
evolution. In conclusion the conservation of the partic- 
ular Cys motif in various Kex3-like endoproteases sug- 
gest a functional role of the Cys-rich region. The region 
could be implicated in stabilization or intracellular lo- 
calization of these proteases, since our previous deletion 
analysis has shown that the Cys-rich region of furin is 
not essential for its endoproteolytic activity [21]. 
Another structural feature is that PC6B contains a 
stretch of hydrophobic amino acids as a putative trans- 
membrane domain near the COOH-terminus, like furin, 
dKLIP-1, and Dfurin2 (Figs. 2 and 3). No COOH- 
terminal hydrophobic stretch is present in PC6A. Re- 
cently, it has been shown that furin is localized in the 
Golgi compartments as a membrane associate form 
[22,23], while PC2 and PC3, neither of which has a 
hydrophobic transmembrane anchor, are present in the 
post-Golgi compartments [24-263. Therefore, PC6A 
and PC6B might show different intracellular localiza- 
tions. Immunocytochemical and/or cell fractionation 
analyses will be required to address this issue. 
If the lacking 5’-terminal sequence of the I-6 cDNA In the previous study [15], we have examined the 
was identical with that of the B-l cDNA, the PC6B distribution of PC6 transcripts by Northern blot analy- 
protein was assumed to consist of 1,877 amino acids sis of total cellular RNAs from various mouse tissues. 
(Figs. 2 and 3). The unique sequence of the I-6 cDNA and detected a -3.5-kb transcript in most of the exam- 
encoded a region of the PC6B protein very rich with Cys ined tissues. By contrast, in the intestine, the other band 
residues, which extended the Cys-rich region about four of-5.5 kbhasbeenfoundinaddition tothe-3.5-kbband. 














Fig. 1. Schematic representation of PC6A and PC6B cDNA clones The open readmg frames In the cDNAs are represented by open boxes The 
relatwe posltions of the different cDNA Inserts and of the cDNA probes used for Northern blot analysis are indicated. The arrowhead represents 















































Fig. 2 Nucleotide and predicted amino acid sequences of PC6B The arrowhead represents the diverging pomt of the PC6A and PC6B cDNAs. 
The active site Ser residue is shown in a dark box The potential transmembrane domain and the potential N-glycosylation sites are shadowed and 
underlined, respectively. (Contmued on pages 168. 169.) 
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PC6A or PC6B transcripts and to obtain clearer data, 
we here performed analysis of poly(A)’ RNAs from 
mouse intestine and brain using a PC6A- or PC6B- 
specific cDNA fragment, or a 5’-terminal fragment as 
a probe. As shown in Fig. 5, the PC6A-specific probe 
detected -5.5- and -3.5-kb bands in the brain. In the 
intestine, the other band of -6.5 kb was also detected. 
When hybridized with the PC6B-specific probe, only a 
-6.5kb band was found in the intestine, and no band 
was detectable in the brain. In contrast, to our surprise, 
very confusing results were obtained using the 5’-end 
probe which must be able to detect both the PC6A and 
PC6B transcripts: while only 2 bands of -5.5 and-3.5 kb 
were detected in the brain, in the intestine 5 bands of 
167 













































Fig 2 ~fl~~~~~z~~ed ~C ~~znzl~d on page 169 ] 
-6.5, -5.5, -3.5, -3.0, and -2.2 kb were detected. Based observed using the 5’ probe is much higher than that 
on these data, we speculate that: (i) PC6B is encoded by using the PC6A probe and since no cDNA clones en- 
the -6.5kb transcripts detected in the intestine with the coding PC6B was obtained from the brain library); and 
PCGB-specific probe; (ii) PC6A is encoded not only by (iii)the-3.0-and-2.2-kbtranscriptsintheintestineprob- 
-5.5, and-3.5-kb transcripts in the brain but also by the abiy encode PC6 proteins other than PC6A and PC6B. 
-6.5-kb transcript in the intestine with the PCCiA-specific Thus, alternative splicing of the primary transcript and 
probe (the -6.5-kb transcript detected using the PC6A the differences in length of the 3’ and/or 5’ untranslated 
probe may be different from that using the PC6B probe, regions appear to give rise to these multiple transcripts 










































































L P A R E A E F Y E H T K T A L L V T S ft A, % L 1,: 
CTGCTGCTGGGGGCTGCTGCGGTCGTGT~~,CGGAAGTCiCGAAG~AGACCTGTGGCAAAGGGG~GGTACGAAAAG 















Fig. 2 continued 
identified the PC6 cDNAs corresponding only to the In summary, we conclude from this study that more 
-3.5- and -6.5-kb transcripts, further cloning and than two isoforms of PC6 are present with different 
sequence analyses will be required to define the molecu- tissue distributions, and are generated via alternative 
lar basis for the observed differences among these mul- splicing of the same primary transcript. In view of the 
tiple transcripts. Our preliminary data suggest hat the differences between PC6A and PC6B in the structure 
-2.2-kb transcript encodes a shorter isoform of PC6 and in the tissue distribution, their roles in endoprote- 
which may be catalytically inactive as is the case with olytic processing of precursor proteins may be different 
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Fig. 3. Schematic representation of protein domains of mouse furm, PC6A and PCBB, human PACE4, and Drosophila dKLIP-1 and Dfurm2. The 
arrowhead represents the diverging point of the PC6A and PC6B. 






Fig. 5. Northern blot analysis of mouse intestine and brain poly(A)’ 
RNAs using a cDNA probe specific for PC6A or PC6B, or a 5’-end 
probe. Experimental details are described in Section 2. 
localizations and could cleave different substrate pre- 
cursors. To address these issues, experiments are under- 
way in our laboratory. 
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Fig 4. Amino acid alignment of the Cys-rich repeats of mouse furin, PC6A and PC6l3, human PACE4, and Drosopk& dKLIP-1 and Dfurin2. 
Cys residues are shown in dark boxes. Gaps introduced into the alignment are indicated by hyphens. 
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